Objective: Percutaneous nephrostomy (PCN) is one of the commonest procedures performed. There are currently no European recommendations on the accepted rate of complications. The aim of the present study is to report the complication rate of PCN with the specific emphasis on sepsis and septic shock, the causative organisms, sensitivities to antibiotics, and associated risk factors.
Introduction
Since the first description of percutaneous nephrostomy (PCN) in 1955 by Goodwin et al. [1] it has become a well-established technique for providing permanent or temporary drainage of an obstructed urinary system. PCN is one of the commonest procedures performed in both major centres and district general hospitals. Several institutions from the USA have published their data on the success and complication rates pertaining to PCN. However much less data is available from centres within the United Kingdom (UK). To date only two papers have been published from the UK, both from large tertiary referral centres. [2, 3] There are currently no European recommendations on the accepted rate of PCN-associated complications. The American College of Radiologists (ACR) recommended a threshold level of 4% for septic shock and 4% for major hemorrhage whereas the Society of Cardiovascular and Interventional Radiologists (SCVIR) quoted higher major post-PCN complication rates of 1-4% for vascular injury or hemorrhage and 1-9% for septic shock. [4] The aim of the present study is to report the complication rate of PCN with a specific emphasis on the rate of sepsis and septic shock, the causative organisms, antibiotic sensitivities and associated risk factors.
Material and methods

Patients
All patients who underwent acute or elective primary PCN at the Department of Radiology, Countess of Chester Hospital (COCH), in UK between January 2014 and December 2016 were included in this study. The Countess of Chester Hospital is a district general hospital and provides a service to a population of approximately 445,000 people. The Clinical Improvement, Assurance and Audit Department at COCH approved this study.
Equipment
Puncture of the renal collecting system was performed using a guidewire and a 18 G/1.2 mm trocar needle (Angiotech) under the guidance of a ultrasound scanner GE Healthcare Logiq S8 with a 3.5 MHz curved transducer. Renal positioning was followed by X-ray C-arm unit "DSRX-T7345GFS" (Toshiba) and iodinated contrast medium (Omnipaque 140 mg/mL) diluted in 100 ml NaCl at a ratio of 1:2 (GE Healthcare) was injected through the puncture needle. In dilated systems, a straight 0.035" Amplatz (Angiotech) guide wire was used as standard. In all non-dilated systems a hydrophilic guide wire Radifocus® 0.035" (Terumo) was inserted.
Catheters of 7F were used as standard whereas 10F catheters were used in the presence of pyohemonephrosis, and tumour debris. Eight F and 10 F dilators were used to dilate a PCN tract before placing a 10 F catheter.
Indications
The indications for PCN in non-dilated systems are listed in Table 1. The indications for PCN in dilated systems were clinically and radiologically confirmed obstructive hydro-or pyonephrosis. Preferably, PCN tube was inserted over ureteric stent as general anesthesia was containdicated in majority of the patients.
Preparation
Consent was obtained from all patients. A single dose of prophylactic analgesic (morphine 5-10 mg PO or paracetamol 1000 mg PO) was given to all patients 1 h before the procedure. Patients were positioned prone on the fluoroscopy table, with the right flank elevated at 15-30° and the C-arm on the contralateral side to the nephrostomy. The skin was disinfected with 10% povidone-iodine or 0.5% chlorhexidine gluconate. Local anaesthesia was performed using 10-20 mL of 1% lidocaine. A single dose of antibiotic was administered prior to the procedure (gentamicin or other antibiotic in compliance with the culture sensitivity test results).
Technique
Percutaneous nephrostomy tube insertion was either performed by an experienced radiologist or trainee under his supervision. As a primary procedure, PCN tubes were successfully inserted in all patients.
The degree of hydronephrosis was initially assessed. Then the puncture site and entry angle were determined. In the majority of the cases, to avoid vascular injury, percutaneous access through posterior calyx major in the lower pole was preferred.
First the ultrasound-guided puncture was made with a 1.2 mm trocar needle directed through the base of a renal pyramid and papillary tip. If there was a return of urine following withdrawal of the trocar then the access was considered successful. The renal collecting system was then visualised via injection of 10 mL of iodinated contrast medium (Omnipaque 240 mg/mL). The guidewire was then introduced. After removing the trocar needle the PCN catheter was placed over the guidewire and advanced under fluoroscopic control into the renal pelvis. The catheter was then secured by locking the C-lock on the shaft of the catheter. Finally, the catheter was connected to a drainage bag with a closed system and fixed to the skin with an adhesive patch (Drain-Fix®).
Complications
Complications were defined according to the Society of Interventional Radiology (SIR) [4, 5] as follows: minor complications (A) no therapy, no consequences, or (B) nominal therapy, no consequenc- 
Sepsis
Sepsis was defined according to the criteria of the American College of Chest Physicians/Society of Critical Care Medicine (ACCP/ SCCM) Consensus Conference Committee and guidelines of the European Association of Urology. [6, 7] Urine cultures of all patients were routinely performed at first signs of sepsis and the first access urine was sent for culture at the time of PCN tube insertion.
Statistical analyses
Data were retrieved retrospectively from electronic patient files. PCN data were collected and analysed in a database Excel from Microsoft Office in Windows 7. The rate of major complications was compared to a maximum rate of 4% recommended by SIR. [5, 6] Minor complications were compared to threshold rate of 15%. Where appropriate, categorical data were compared for statistical significance using a commercially available statistics program (GraphPad Software, San Diego, CA, USA, www.graphpad.com) and p=0.05 was taken to be the level of statistical significance. In our study comparisons between major complication rates were made using Fisher's exact test (www.graphpad.com/quickcalcs/ index.cfm).
Results
Forty males aged 38-92, and 26 females 25-91 years were included in the study.
A total of 90 PCNs were performed in 84 kidneys with dilated systems and in 6 kidneys with non-dilated systems. A total of 23 PCNs on the right, 19 PCNs on the left kidney were performed, and 24 patients had bilateral procedures (48 PCNs). The main indications for nephrostomy tube insertion were obstructive uropathy due to malignant disease (46%), benign disease (3%), pyonephrosis (8%) and renal stones (43%).
The complications seen are listed in Table 2 . Over the study period 90 PCNs were performed on 66 patients, of which 14 (21%) were performed out of working hours between 8:00 AM and 05:00 PM. Three patients (4.5%) developed major post-PCN complications. Two patients developed septic shock with rigors and hypotension despite prophylactic antibiotics and required further treatment, including intravenous antibiotics and fluids. These patients had no evidence of sepsis prior to PCN tube insertion. One patient had blood loss with a reduction in hemoglobin from 10 g/dL to 7.3 g/dL after nephrostomy tube insertion and was given blood transfusions. He was anticoagulated for atrial fibrillation with an INR of 1.4 at the time of procedure. We did not observed any delayed bleeding during study period. Nephrostomy tube complications, such as catheter blockage, leaking, fracturing and kinking of the catheter occurred in 4 patients (6.1%).
Among all 25 patients, in whom septicemia was diagnosed prior to PCN tube insertion, 12 patients developed septic shock and 13 had signs of sepsis for longer than 24 hours. These patients with signs of sepsis prior to PCN tube insertion were not included in the analysis of post procedural complication rates. Department protocols were adhered to. All patients had appropriate pre-procedure hematological investigations. Physiological parameters such as pulse rate, blood pressure and oxygen saturation were monitored throughout the procedure and the doses of analgesics used were recorded in the notes. However the antibiotic policy was not strictly followed and three of 66 patients did not receive any antibiotics. Two of these three patients who did not receive antibiotic prophylaxis had clinical evidence of infection and both developed post-PCN septic shock.
Complications were more common when the PCN was performed out of working hours. Ten of fourteen (71.4%) patients who underwent PCNs after normal working hours suffered from complications compared with nine of fifty two (17.3%) patients whose PCNs were performed within working hours (p=0.0002; Fisher's test). Nine patients died within 30 days of PCN tube insertion resulting in a 30-day-mortality rate of 13.6%. None of these were procedure related. Two patients died of pre-existing septicemia and seven patients as a result of underlying malignancy. The age of the patients did not seem to correlate with the development of post-PCN complications (p=0.46).
Overall, there were 15 patients with positive urine cultures. The most common organism isolated was Escherichia coli. 
Discussion
In this retrospective study we report our success and complication rates for PCN tube insertion over a two-year period at our institution. Previously, published data mainly retrospective in nature were derived from centres within the USA. Only 2 of these studies were performed in the UK.
The rates of PCN-related major complications vary from 0 to 7% in the literature. Guidelines suggest an upper limit of 4% for major complications. [5, 8] One of the largest reported series of 454 PCNs by Farrell et al. [9] the incidence of major complications was 5.2%. From that series 3.6% of the patients had suffered hemorrhage which required blood transfusion.
Our results reveal that our primary technical success rate, minor and major complications are comparable with those of the other published series. [9] [10] [11] [12] [13] [14] Significant hemorrhage, septicemia and inadvertent perforation of the intra-abdominal organs such as colon, spleen, liver or pleura are among the major complications reported in the literature. The single case in our series of postprocedural blood transfusion was performed on an anticoagulated patient with a preoperative INR of 1.4. He did not suffer any untoward sequela after transfusion. Our incidence of significant postoperative hemorrhage (1.5%) is comparable with other series. In a study performed by Kaskarelis et al. [15] the major complication rate was as low as 0.29%. However, not only PCNs but also ureteric stent insertions and exchange of PCNs had been also included in their assessments. When adjustments were made for PCN only, the major complication rate might be 0.7% with postoperative bleeding at the rate of 0.4%. Another possible factor contributing to the observed low complication rate could possibly be the presence of a high degree of dilatation of the renal collection system in the studied patients. We performed PCNs for 6 kidneys with non-dilated collecting systems. Results of PCNs performed in grades II-IV hydronephrotic kidneys did not reveal any major complications as described by Carrafiello et al. [16] . However, these results are not directly comparable to ours due to lack of inclusion of nondilated systems in their series. In more recent, large series of 500 PCNs performed on both dilated and non-dilated kidneys, described by Montvilas et al. [17] major complications occurred in 0.45% of the cases. In the literature a number of factors have been identified as being strongly associated with an increased risk of postoperative bleeding. The pre-existence of blood coagulopathies was found to increase the risk for postoperative bleeding. Farrell et al. [9] found that patients with a platelet count of 100,000/dL or lower had a higher transfusion rate after PCN tube insertion. In addition, the adherence to the fundamental anatomical principles during PCN tube insertion, in other words a correct needle entry between the anterior and posterior arterial divisions (Brödel's line) is of paramount importance. [18] Interestingly, the size of the needle or the catheter inserted seemed not to correlate with the rate of hemorrhage. In one study small-bore access sheath systems were not found to be safer than larger 18G catheters. [19] The total rate of minor complications in our series was 6.1% which is comparable with other studies and below the established RCR standard of 15%. [20] All our minor complications were catheter-related problems most frequently catheter dislodgment. Carrafiello et al. [16] reported 43 [43/299 (14.4%)] cases of dislodgements, which did not seem to correlate with a type of nephrostomy tube fixating system. [16] Other commonly reported minor complications include transient hematuria and catheter site infection/inflammation. [9, 15, 16] None of these were observed in our study population. One patient (1.5%) in our study group experienced catheter blockage requiring replacement. This rate seems to correspond with incidence rates of 0.4-4.1%. Described in the literature: [3, 15] The comparisons of minor complications among published studies proved to be very difficult due to variability of definitions used. In 2007, the suggested standard set by 481 the RCR in the UK was ≤15%. The UK group of investigators proved this to be an achievable target and demonstrated the rate of minor complications to be as low as 12%. [20] The most commonly described complications were sepsis and infectious complications among many others. The reviewed incidence of such complications was highly variable due to the fact that different studies used different definitions of sepsis, septicemia, post-interventional fever and septic shock. These terms have been also commonly used interchangeably. According to the definitions of sepsis used in the literature the majority of infections causing systemic response might be classified as sepsis. [6, 21] For the purposes of our study we have used more stringent criteria recommended by the Third International Consensus Definitions for Sepsis and Septic Shock. [22] The most significant major complications included severe sepsis and septic shock. Interestingly none of the studies described infectious complications in great detail. To our knowledge our study was the first to look at the causative organisms and to determine the presence of urinary tract infections prior to PCN tube insertion. The commonly used recommendation of the ACR and SIR for the maximal rate of post-PCN septic shock only distinguishes these rates by the presence or absence of pyonephrosis before PCN tube insertion. The accepted rates for septic shock with and without pyonephrosis were 10, and 4%, respectively. When this definition was applied, studies reported sepsis as a major complication in 0.7-3.6% of cases. [8, 17, 18] Thirty-eight percent (n=25) of our patients were diagnosed with septicemia prior the PCN tube insertion and 15 of them had positive urine cultures. The most commonly isolated organism from urine culture was Escherichia coli followed by Klebsiella pneumonia and Proteus mirabilis. Interestingly 4 patients had confirmed bacteremia and only 2 of them had evident pyonephrosis at the time of PCN tube insertion. We therefore think it is absolutely imperative to perform urine and blood cultures on all patients prior to PCN tube insertion.
One of the limitations of our study is relatively small numbers of patients included in our research. We were not able to evaluate the effect of tube size, level of hydronephrosis and radiologist experience concerning complication rates.
In conclusion, PCN is a commonly used technique, with a high success and low rates of complications. Our complication rates were within the accepted target ranges proposed in the North American literature. Our data may help to serve as a baseline for the establishment of outcome targets in European centres.
Ethics Committee Approval: Ethics committee approval was received for this study from the ethics committee of Local Audit Department at Countess of Chester Hospital. 
